ABSTRACT The objective of this in vitro study was to evaluate the effects of combining a prebiotic with alfalfa on fermentation by laying hen cecal bacteria. Cecal contents from laying hens were diluted to a 1:3,000 concentration with an anaerobic dilution solution and added to serum tubes filled with ground alfalfa or a layer ration with or without fructooligosaccharide (FOS) prebiotic. Samples were processed in an anaerobic hood, pressurized by using a pressure manifold, and incubated at 37°C. Volatile fatty acid (VFA) and lactic acid concentrations were quantified at 6 and 24 h of substrate fermentation. In this study, fermentation of alfalfa resulted in greater
INTRODUCTION
Feeding laying hens high fiber sources such as alfalfa has been suggested as an alternative to the conventional molting method of feed withdrawal (Donalson et al., 2005; Landers et al., 2005a,b; Woodward et al., 2005; McReynolds et al., 2006) . In addition to addressing physiological and food safety issues, alfalfa meal diets have been shown to be fermentable by cecal microflora when incubated in vitro (McReynolds et al., 2005 (McReynolds et al., , 2006 Woodward et al., 2005; Saengkerdsub et al., 2006; Dunkley et al., 2007; Landers et al., 2007) . Alfalfa is a readily available, high-protein, high-fiber feedstuff with one of the slower rates of passage discontinue the use of antibiotics, and there is a potential for the same trend in the United States (Jones and Ricke, 2003; Patterson and Burkholder, 2003) . Prebiotics have been shown to reduce pathogen colonization, alter the microbial community, prevent cancer (in mammals), and reduce cholesterol (Patterson and Burkholder, 2003) . Fructooligosaccharide (FOS) is a naturally occurring oligosaccharide, usually of plant origin, and is the only product recognized and used as a food ingredient and prebiotic (Gibson and Roberfroid, 1995; Bomba et al., 2002) . Because of the β-linkages possessed by FOS, it is able to resist enzymatic degradation and absorption in the upper gastrointestinal tract to reach the cecum, where the majority of fermentation occurs in chickens (Gibson and Roberfroid, 1995; Xu et al., 2003; Jó zefiak et al., 2004; Juśkiewicz et al., 2004) .
In poultry, oligosaccharides reach the hindgut and alter lower intestinal tract physiology and function, which could be beneficial in preventing bacterial contamination on broiler carcasses and in eggs (Orban et al., 1997) . Fermentation from prebiotics includes shifts in the production of end products such as hydrogen, carbon dioxide, bacterial cell mass, and, most important, SCFA (Cummings et al., 2001 ). Short-chain fatty acids have been shown to increase the absorption of calcium, magnesium, and iron (Gibson and Roberfroid, 1995) and to modify the bacterial ecosystem in the ceca. The objective of this study was to evaluate the effects of combining a prebiotic (FOS) with alfalfa on the in vitro production of fermentation acids from laying hen cecal bacteria.
MATERIALS AND METHODS

Animals and Cecal Preparation
Laying hens aged between 100 to 105 wk old were obtained from a commercial laying facility. Birds were housed 1 per cage at the Texas A&M University Poultry Science Research Center in College Station, Texas, and allowed to acclimate for a minimum of 1 wk. During this time, the birds were fed a complete layer ration (Table  1) ad libitum and allowed full access to water. All animal handling procedures were approved by the Texas A&M University Institutional Animal Care and Use Committee. Three hens were chosen at random, exsanguinated, and terminated using CO 2 asphyxiation. The cecal contents from the birds were squeezed out into an empty sterile 30 × 115 mm, 50-mL conical tube (Becton, Dickinson and Company, Franklin Lakes, NJ) and mixed thoroughly to obtain a uniform pooled sample. Approximately 0.1 g of the cecal pool was subsequently diluted to a 1:3,000 concentration (wt/vol) with anaerobic phosphate buffer in an anaerobic chamber (10% CO 2 , 5% H 2 , and 85% N 2 gas phase; Coy Laboratory Products, Ann Arbor, MI). The 1:3,000 dilution was considered the most suitable for this study based on preliminary experiments (data not shown) that had examined several dilutions to obtain VFA and lactic acid concentrations within the range of detection of the gas chromatograph. Anaerobic phosphate buffer was prepared as described previously (Bryant and Robinson, 1961) , with the addition of cysteine-HCl before autoclaving (Shermer et al. 1998 ).
Procedure
Two substrates, alfalfa meal (A) and layer ration (LR) with and without FOS (Encore Technologies, Plymouth, MN), were examined for fermentation properties in 2 trials. Alfalfa meal was obtained from a local cooperative, whereas the LR (Table 1) was obtained from the Texas A& M University Poultry Science Center feed mill in College Station, Texas. Approximately 0.25 g of either substrate and 7.5% FOS were added where appropriate to presterilized 20-mL serum tubes. Aliquots of 5 mL of diluted, pooled cecal contents were added to the tubes under anaerobic conditions. A tube with only cecal inoculum (I) was used as the control. Fermentation was conducted at 37°C for 0, 6, or 24 h. At each time point, a 2-mL aliquot was obtained for VFA and lactic acid concentration analysis. Final concentrations of VFA and lactic acid were determined by subtracting the respective values of baseline fermentation products at time 0 h from values at times 6 and 24 h.
Cecal VFA and Lactic Acid Concentrations
Volatile fatty acid concentrations (acetic, propionic, butyric, isobutryic, valeric, and isovaleric acids) were determined by gas-liquid chromatography as described by Corrier et al. (1990) . The analysis was conducted with a gas chromatograph equipped with a flame-ionization detector and a peak profile integration-quantification integrator (model 110 gas chromatograph, SR1 Instruments, Torrence, CA). Each sample peak profile was integrated and quantified relative to an internal standard of methylbutyric acid placed in the same sample. Lactic acid concentrations were determined by an enzymatic method (Hohorst, 1974) .
Statistical Analysis
Data were analyzed by using the GLM procedure of SAS (2001, SAS Institute Inc., Cary, NC). Differences among treatment groups (I only; I and FOS; A and I; A, FOS, and I; LR and I; LR, FOS, and I) were determined by 1-way ANOVA, and means were separated by using Duncan's multiple range test. Treatments were performed in triplicate in each trial. All results were considered significant at P ≤ 0.05.
RESULTS AND DISCUSSION
At h 6, A, A and FOS (AF), LR, and LR and FOS (LRF) in both trials exhibited higher (P ≤ 0.05) acetic acid concentrations (Figure 1 ) than I. At 24 h, the trend was similar, showing that fermentation had occurred after 6 h. At 24 h in both trials, the A and AF treatments continued to yield the greatest increases in acetic acid concentrations. The current results agree with the concept of acetate being a predominant end product of a successful fermentation of alfalfa silage (Owens et al., 2002) . Kass et al. (1980) demonstrated that the addition of 40% alfalfa to the regular diets of growing swine caused an increase in acetate production in both the cecum and colon. The structural composition of alfalfa may contribute to the greater increases in acetic acid when compared with LR treatments because of the nearly 10-fold difference in cellulose concentration between alfalfa and corn (Church, 1977) . Acetic acid is a primary VFA produced from cellulose fermentation by numerous anaerobes (Van Soest, 1982) . Salanitro et al. (1978) isolated anaerobic bacteria from chicken intestines capable of constant synthesis of large amounts of acetate (41 to 50 mol/mL). Using a nonselective DNA method, Apajalahti et al. (2001) determined gastrointestinal microbial profiles of broiler chickens from 8 commercial farms and reported Bacteroides, Clostridium, Fusobacteria, and Bifidobacterium to be the second most abundant genera. The same genera appeared to be involved in avian cecal fermentation and particularly in acetate production (Jó zefiak et al., 2004) . When Dunkley et al. (2007) incubated various high-fiber feed substrates with cecal inocula in vitro for 24 h, acetate was generally the primary SCFA, followed by propionate and butyrate. However, when compared with soybean meal, significant differences in acetate from alfalfa or other high-fiber substrates after fermentation were not always observed. Saengkerdsub et al. (2006) also identified acetate as a primary fermentation product of alfalfa after being incubated in vitro with a chicken cecal bacterial mixture for 24 h, but no differences were observed in acetate quantities when compared with layer ration fermentation with or without methanogen inhibitors. When Woodward et al. (2005) compared in vivo acetic acid concentrations from hens fed alfalfa molt diets, a nonmolt layer ration, and feed-withdrawal molt diets, hens fed alfalfa yielded significantly lower acetic acid concentrations than birds fed the layer ration. The difference in acetic acid concentrations in our in vitro study and the in vivo trial by Woodward et al. (2005) may possibly be due to much lower feed intake of alfalfa (approximately 4-to 5-fold) when compared with fully fed hens. In addition, transit time in the ceca may have been shorter than the total time used for incubation in the in vitro studies. The present study used equal amounts of feed substrates and the cecal contents were consistent throughout all treatments, which would not be the case in vivo. After 6 h of fermentation, propionic acid concentrations were higher (P ≤ 0.05) in the LR and LRF treatments than in all other treatments (trial 1). This same pattern was exhibited in trial 2, with LRF having higher (P ≤ 0.05) propionic acid concentrations than all treatments except A (Figure 2 ). These results confirmed the trend reported previously by Dunkley et al. (2007) for soybean cecal fermentation exhibiting highest level of propionate concentrations compared with alfalfa and alfalfa combinations with different levels of layer rations. Higher propionate concentrations in the cecum of growing swine fed a regular diet not containing alfalfa were observed by Kass et al. (1980) as well. In our study, however, after 24 h of incubations, AF yielded higher (P ≤ 0.05) propionic concentrations than all other treatments in both trials. This is in contrast with the results reported by Saengkerdsub et al. (2006) , who did not observe any differences in the production of propionate from alfalfa and layer feed when fermented by chicken cecal microflora for 24 h with or without methanogen inhibitors.
In both trials, all substrate treatments had significantly higher isobutyric acid concentrations than both the I and I and FOS (IF) treatments at 6 h ( Figure 3) . After 24 h, the general trend was similar, with the I and IF treatments producing significantly less isobutyric acid. Although hens in the fully fed (layer ration) treatment of Woodward Butyric acid concentrations were variable in trial 1, and no differences (P > 0.05) were apparent between treatments in trial 2 after 6 h (Figure 4) . Similarly, no diet effect on butyric acid production was reported by Moore et al. (2004) , who did not observe differences among all treatments (fully fed and feed withdrawal and zinc-containing diets) in 2 of 3 in vivo trials. It also appears that the increase in the dietary fiber concentrations in swine diets in the form of alfalfa does not increase butyric acid concentrations in the swine cecum (Kass et al., 1980) . In our study, however, after 24 h of fermentation, butyric acid concentration levels increased markedly, with AF being significantly higher than all other treatments in trial 1 and being significantly higher than both the I and A treatments in trial 2. The highest in vitro concentrations of butyrate were found in some trials by Dunkley et al. (2007) after fermenting feed containing 90 or 70% alfalfa for 24 h in cecal inocula. Saengkerdsub et al. (2006) , however, reported that layer feed fermentations with chicken cecal inocula yielded approximately 2-fold higher levels of butyric acid concentrations compared with alfalfa fermentation.
After 6 h of fermentation in trial 1, isovaleric acid concentrations in the AF treatment were significantly higher than in all other treatments except LR and LRF ( Figure  5 ). Similarly, in trial 2, AF continued to produce more isovaleric acid, but these levels were different (P ≤ 0.05) only from I and IF. After 24 h of fermentation, the concentration of isovaleric acid varied among trials. Although no differences in isovalerate concentrations (P > 0.05) were observed in trial 1, significantly more production from the AF, LR, and LRF treatments was seen in trial 2. These results are comparable to the in vivo responses observed by Woodward et al. (2005) , who reported that 2 out of the 4 trials exhibited no statistical differences between fully fed (layer ration) and alfalfa-fed hens. Donalson et al. (2007) did not observe any differences in isovaleric acid production in hens fed alfalfa meal or a layer ration.
Under in vitro conditions, however, Dunkley et al. (2007) did not detect isovalerate as a fermentation product of any of the incubated feeds containing alfalfa.
After 6 h of fermentation, valeric acid in the I, IF, A, and LR treatments could not be detected in trial 1 and in any treatments except LRF in trial 2 (Figure 6a ). The results after 6 h of fermentation correspond to previous reports by Woodward et al. (2005) of nondetectable valeric acid in some trials. After 24 h of fermentation ( Figure  6b ), valeric acid could not be detected in either the IF or I treatments in trial 1. In trial 2, valeric acid concentrations were higher (P ≤ 0.05) in the A, AF, LR, and LRF treatments, with no differences (P > 0.05) observed between A and IF. The fermentation of A, AF, LR, and LRF resulted Means within trial 2 (white bars) without a common letter differ (P ≤ 0.05).
in valeric acid concentrations similar to those reported by Dunkley et al. (2007) . According to their study, the in vitro fermentation of all combinations of layer rations and alfalfa produced valeric acid ranging from approximately 3 to 4 mol/mL.
When total VFA concentrations were evaluated after 6 h of fermentation, the A, AF, LR, and LRF treatments yielded higher (P ≤ 0.05) concentrations than the I and IF incubations (Figure 7a) . After 24 h of fermentation, the AF treatment yielded higher (P ≤ 0.05) total VFA production than did all other treatments (Figure 7b ). These results indicated that fermentation occurred in all incubated substrate combinations; however, the greatest amount of total VFA production occurred when A and FOS were both present as substrates. Overall, AF treatments yielded higher VFA concentrations than all other treatments. The results of this study did not correspond to those seen by Woodward et al. (2005) in vivo, in which fully fed (layer ration) hens had significantly higher total VFA concentrations than alfalfa-treated hens. Again, this may be due to the decreased feed intake of alfalfa-treated hens compared with fully fed hens observed in their study.
Lactic acid concentrations of AF in trial 1 after 6 h of fermentation yielded significantly higher values than did LR and LRF, whereas in trial 2, no significant differences were observed among the A, AF, LR, and LRF treatments (Figure 8a) . At 24 h, results varied between trials; however, the trends were similar, with AF exhibiting greater lactic acid concentrations than LR in both trials ( Figure Figure 5 . Increase in isovaleric acid concentration (mol/mL) over the baseline after 6 and 24 h of fermentation. Numbers above equal concentrations at 6 and 24 h minus the baseline (time 0). Baseline values for trial 1 for the respective treatments: 0.00 mol/mL for all treatments. Baseline values for trial 2 for the respective treatments: 0.00, 0.90, 0.00, 0.00, 0.00, and 0.00 mol/mL. Standard error bars are based on the average of 3 tubes per trial. I = inoculum only; IF = I + fructooligosaccharide (FOS); A = alfalfa; AF = A + FOS; LR = layer ration; LRF = LR + FOS.
A,B
Means within trial 1 (striped bars) without a common letter differ (P ≤ 0.05).
a-c
Means within trial 2 (white bars) without a common letter differ (P ≤ 0.05). 8b). Woodward et al. (2005) reported significantly greater lactic acid concentrations in ceca of alfalfa-fed hens compared with hens that were subjected to feed withdrawal. Likewise, Donalson et al. (2007) reported that in half of the trials, alfalfa-and alfalfa and FOS-treated hens yielded greater concentrations of lactic acid compared with hens fed a layer ration diet. Lactic acid is the primary fermentation product of Lactobacillus spp., which are considered to be beneficial bacteria in the gut. Fructooligosaccharide bypasses degradation in the upper gastrointestinal tract and stimulates the production of lactic acid by hindgut microflora such as Bifidobacterium (Tsukahara and Ushida, 2000) , which is known to inhibit the growth of enteric pathogens (Fernandez et al., 2002) .
When correlations among fermentation acids were evaluated (Table 2) , high correlations were seen among individual VFA and total VFA (P < 0.0001). The overall trend was a high correlation between total VFA and propionic acid (0.9936) or acetic acid (0.9899). This is in agreement with the observations of Van der Weilen (2000) , who showed that propionate and acetate were the dominant VFA produced in the ceca of chickens. An increase in propionic acid production has been used as an indicator of successful propiogenic establishment in Means within trial 2 (white bars) without a common letter differ (P ≤ 0.05).
the chicken ceca of probiotic cultures capable of exhibiting competitive exclusion against foodborne Salmonella colonization (Nisbet et al., 1996) . The lowest correlation was seen between VFA and lactic acid (0.757). These results are consistent with those obtained by Van der Weilen (2000) , who found that the increases in total VFA production were associated with the increases in acetate, propionate, and butyrate in the ceca of broiler chickens. The same study also showed a lack of correlation between lactobacilli numbers and total VFA concentrations.
The rationale behind the current findings is that plant protein diets such as alfalfa are highly fermentable and may naturally lead to higher VFA production (Hanson, 1972; Tsukahara and Ushida, 2000) . In our study, the inclusion of FOS appeared to further increase fermentation as shown by overall higher VFA and lactic acid concentrations. The effect was more pronounced after 24 h of fermentation, resulting in distinctive increases in the production of total VFA and lactic acid from substrates combined with FOS. Rycroft et al. (2001) also evaluated the time effects on fermentation of oligosaccharides and reported similar results. Although increases in VFA production at 6 h were demonstrated in the present study and at 5 h by Rycroft et al. (2001) , large quantitative increases in VFA were observed only after 24 h of fermentation in both studies. Because the retention time of alfalfa in the gastrointestinal tract of force-fed roosters is close to 24 h (Sibbald, 1979 (Sibbald, , 1980 and the retention time of layer rations is even shorter, it would be less useful to examine the fermentation effects beyond 24 h.
Prebiotics have also been proven not to serve as carbon sources for enterobacteria such as Salmonella and Escherichia coli (Bailey et al., 1991; Xu et al., 2003) . Although FOS can inhibit enteric pathogens and modify the metabolic activity of the normal microflora, it does not negatively influence the indigenous bacteria. An increase in VFA concentrations has been shown to have long-term beneficial effects on host health by providing increased energy (Guo et al., 2003) and by reducing Salmonella Enteritidis colonization (Ricke, 2003; Moore et al., 2004; Woodward et al., 2005) and Enterobacteriaceae numbers in the ceca (Van der Wielen, 2000) . In addition, Van der Wielen et al. (2000) suggested that VFA such as acetate, propionate, and butyrate aid in the development of the microflora in chickens.
CONCLUSIONS
The majority of fermentation occurs in the ceca of the chicken, which harbors indigenous microflora such as Bifidobacterium and Lactobacillus (Salanitro et al., 1974) . When supplied with fermentable substrates, these bacteria benefit from the fermentation by-products such as VFA. In this study, fermentation was increased when alfalfa was provided as the feed substrate. Because of the high retention time of alfalfa as a primary dietary component, it could affect fermentation because of a longer exposure time when compared with cereal-based layer ration diets, which have a much shorter passage rate. Longer passage rates equal greater retention time, which should retard gut emptying and potentially serve as a barrier to pathogen colonization (Holt, 2003) . The addition of FOS to an A diet enhanced fermentation as indicated by the increase of VFA and lactic acid production. Increases in lactic acid have been related to decreases in pH, thus inhibiting Salmonella crop colonization (Durant et al. 1999) . In this study, FOS increased fermentation when combined with both A or an LR, with the maximum effect achieved after 24 h of incubations. Therefore, the longer passage rate and retention of diets appears to be desirable for maximizing fermentation. Although bacterial fermentation after 24 h could still be studied, the data generated would have limited value because most feed substrate passage rates in vivo are less than 24 h. In vivo studies will also help to determine the optimal levels of prebiotics that should be included in a poultry diet and the more specific effects that FOS has on particular functional groups of indigenous cecal microflora and pathogen colonization in chickens.
